High energy neutrino interactions induce charmed hadron production at the level of a few percent and therefore they constitute a powerful tool to study charm physics. The CHORUS experiment can profit of the extremely high spatial resolution of nuclear emulsions to identify and study the charm production and decay vertexes. This experiment is now analyzing the final data sample and publishing new results on the charm physics with the muon neutrino beam at CERN. In this paper we review these results in the general framework of charm physics with neutrinos.
Introduction
Neutrino and anti-neutrino induced charm-production is particularly interesting in many respects [1] . So far only two experiments, E531 [2] and CHORUS [3] , have studied this process with nuclear emulsions. Owing to their submicrometric position resolution, emulsions allow the charmed particle identification through the visual observation of its decay in an almost background free environment. This turns into a very good sensitivity to the charm production also in the low energy region. Nuclear emulsion technique has recently shown a large revival due to the impressive development in the field of automatic scanning microscopes [4, 5, 6 ].
The CHORUS experiment
Originally designed to search for ν µ → ν τ oscillations through the direct observation of the τ decay, the CHORUS experiment is also studying the production and decays of charmed hadrons.
The event reconstruction is initiated by electronic detectors which predict the particle track position in the emulsions with a resolution of about 200 µm in position and 3 mrad in angle. The track is then followed up in the emulsions to the interaction vertex. All the track segments in a volume of about 13 mm 3 around the interaction vertex are involved into the offline tracking procedure to reconstruct tracks and vertexes [7] . An event is classified as a charm candidate if there is the evidence for a secondary decay besides the primary vertex. If the decaying particle is neutral, a matching with the electronic detector is also required to insure the time coincidence of the two vertexes. The event analysis is ended by the visual inspection at the microscope. In Table 1 , the number of charm candidates validated by the visual inspection is reported for each decay topology. This sample corresponds to 93,807 charged-current (CC) interactions with a negative muon in the final state.
Charm search in emulsions
The background level for the charm search in emulsions is low. Indeed, interactions can be distinguished from decays unless they do not show any fragment or Auger electron from the nuclear break-up (so-called "white" interactions). Their interaction length is by several order of magnitude
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larger than the flight lengths of charmed hadrons. Strange particle decays are also suppressed by the much longer lifetime. The background yield is reported in Table 1 for each decay channels.
D 0 studies
A study of the D 0 meson production and decays was performed [8] . After the event selection and eye inspection, 1048 candidates were found, as shown in Table 1 . After background subtraction and efficiency correction the two prong decay branching ratio was found to be br 2 = 0.647 ± 0.049 ± 0.031. We have also obtained the first measurement of the six prong branching ratio as br 6 = (1.2
The fully neutral D 0 topological branching ratio has also been measured. This quantity was previously assumed to be about 5% [9] . Since this decay mode is not detectable in the experiments recognising the D 0 through its charged daughters, the measurement affects many of the results published in the past by other experiments.
The fully neutral branching ratio can be written as:
where br 4 has been precisely measured to be (13.38 ± 0.58)% through the measurement of the particle width ratio, Γ 4 /Γ total [9] . Therefore we got br 0 = 0.218 ± 0.049 ± 0.036.
The cross-section measurement relative to the CC one gives
D * production
The identification of the D * + in this experiment is based on the D * + → D 0 π + decay detection [10] . This decay is characterised by low transverse momentum (p ⊥ ≤ 39 MeV/c) and, therefore, the π + has a low momentum (≤ 4 GeV/c) and small angle with respect to the D 0 . In emulsions this event is seen as a D 0 decay with a positive hadron at the primary vertex emitted with a small p ⊥ with respect to the D 0 .
The momentum of the hadrons is measured by the hadron spectrometer downstream of the target. 488 visually inspected D 0 's with a flight length larger than 100 µm are used as a starting sample. 377 hadron tracks at the primary vertex have the momentum measured. The hadron is required to be positive and its angle with respect to the D 0 to be less than 60 mrad. Negative hadrons are used for the background estimation.
After background subtraction, the p ⊥ distribution for positive hadrons shows an excess of 22.1 ± 5.5 events in the range 10 to 50 MeV/c which can be attributed to D * + decays. The ratio of cross-sections σ (D * )/σ (D 0 ) = 0.38 ± 0.09 ± 0.05 is measured. Given the D 0 cross-section measurement [8] , the D * production rate relative to CC events is
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3.3ν µ induced charm production
Charm production inν µ CC interactions comes mainly (about 90%) from a scattering off as sea quark. Therefore, the combined analysis with neutrino charm production can provide a good separation between valence and sea contributions. Moreover, unlike the neutrino case, the quasielastic production is forbidden andΛ c formation is suppressed by the baryon number conservation.
A data sample made of 2704 interactions with a positive spectrometer muon in the final state has been analysed [11] . 32 charm candidates have been confirmed by the visual inspection with an estimated background of 3.2 ± 04. The cross-section measurement for this process gives
which has to be compared with roughly the 6.0% observed in neutrinos [8, 12] . This difference is consistent with the softerν µ energy spectrum and with the absence of the quasi-elastic process.
The ratio between neutral and charged charmed particles is
to be compared with the 0.97 ± 0.15% measured with neutrinos, showing the expected suppression ofΛ c production.
Associated charm production
A gluon emitted via bremsstrahlung converting into a charm quark pair produces two charmed hadrons both in charged-and in neutral-current interactions. In the latter case, the Z 0 -gluon fusion mechanism has to be added. These processes are very rare and there is neither a well-established measurement nor a good theoretical prediction, especially for CC events. CHORUS has published the first observation of one event with associated charm production in CC interaction [13] .
